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INTRODUCTION

——— e

Chord keyboards are data entry keyboards which use the
simulteaneous activation of two or more keys to input
alphanumeric characters. Although not new, these types of
devices have been the subject of both popular and
industrial interests as data entry devices for the
non—-typist. The original interest in chording kevboards
dates back to the late fifties and early sixties. These
early devices had keys ranging in number from 4 to 12.
Operation was ordinarily two handed. Of these early
mechanisms, the court reporter’s steno-writing system is
best known.

The set of possible chords with only 7 keys (the
summation of combination of 7 keys taken ’n’ at & time
(n=1,2,3,4,5) is equal to 127) is larger than the set of

keys available on standard keyboards. The extra chords are
then used for special characters, operator assignable
functions, syllables or even entire words or phrases. The

Velotype is just such a device (Special Systems Industry,
no date). With 37 keys on the board, both hands are used.
The keys are arranged in three groups. The left side has
the initial consonants, the right side is almost a mirror
image of the left and is dedicated to final consonants,
vowels are in the middle (see Figure 1). The lesser used
letters do not have dedicated keys but are instead
generated by a two-key chord (e.g. T+J=D). With this

layout, a three letter syllable can be spelled out with a

three-key chord.

Some studies were cited in the sales literature for
the Velotype, such as an undocumented study by the Dutch
Association for Stenography and Office Practices. N\No
quantitative results were reported but the conclusions they
felt justified in making were:

1. The typing speed inexperienced velotypists can
reach is three times as high as the speed of

' an experienced typist.

2. The speed of an experienced velotypist is

. approximately 900 to 1000 strokes per minute.

‘ This is faster than normal speech (bold face
theirs) The speed of an experienced typist is
between 250 and 300 strokes per minute.

3. Llearning to velotype takes only 25% of the
time it takes for traditional typing in order
to reach the same average typing speed.

PP TIr

No other performance or learning studies are listed.
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During the 1970’s Nathaniel Rochester and Frank Bequaert
developed another device with several keys per finger (Rochester,
Y et al 1977). Their device had a five by two array of keys with a
o row of four rectangular thumb keys (see Figure 2). With the
letters plotted on the corners, the keys utilized a swivel type
activation. The designers claim 4407 possible chords, using only
the thumb and the three strongest fingers of one hand.

Generally, there is a smaller nuwber of keys present on a
chord keyboard than on a standard keyboard. Each key is used
several times in different combinations to produce various
characters. This aspect of chording allows fewer keys to produce
K the same character set and this in turn, allows the board to be
smaller than conventional keyboards. The smaller size enables
these keyboards to be placed where other kevboards cannot be
used. Also with fewer keys, many can be operated with one hand.
i These two features eliminate the need for the board to be
o immediately in front of the operator. This gives rise to unique
i applications such as operation within a cockpit of aircraft,

conceivably under acceleration conditions. There is improvement
of less novel workstations since the uncomfortable and stressful

M position common to typing is eliminated, thereby improving the

k ergonomic acceptability of the keying task.

N A "handprint” keyboard is at the opposite extreme from full

) keyboards because it has the same number of keys as the number of
fingers used to operate it, with perhaps one or two extra keys

" which are used infrequently. With so few keys, there is no

@ motion of the fingers other than for key press; the keys are

a arranged to allow the fingers to rest naturally above them.

In their report, Alden and his associates state there is
supporting data for "the hypothesis that keyboards which tend teo
minimize the number or the distance of finger-reaching movements
are capable of the fastest operation, particularly for special
purpose tasks" (Alden, Daniels, and Kanarick, 1972). Klemmer
((1958) as reported in Seibel (1972)) trained two subjects on a
two-handed handprint keyboard where the various characters were
represented with two key chords. He reported that entry speeds
were not "out of line with performance 1in learning to tvpe on a
A conventional machine.” This early work is reported by Seibel to
be the beginning of the investigation of chord keyboards.

Ratz and Ritchie (7196]1) as reported in Alden et al (1972
performed a study to rank the 31 chords that are possible with
one-hand. They ranked them with respect to speed: motor
constraints (not decision time! as the limiting factor. In a
replication of the Ratz and Ritchie study, Seibel (1972 reports
very similar times for the 3] chords, and that continuous
improvement 1n discriminative chord reaction time occurred over
30 days. Following this train of investigation, Seibel reports
that "...if the effect of motor difficulty is balanced out, the
number of alternative chords involved in a given reaction time
task makes little aor no difference in the reaction time for
numbers 5 through 31. The overall average motor difficulty of o
set of responses, however, does influence the reaction times fo:
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g the specific chord responses in the set." (Seibel 1972);. This

K) effect is again mentioned in another study by Seibel in which

e reaction times for 1,023 alternatives are only approximately 25

K msec. slower than the reaction times for 31 alternatives. Seibel

. concludes that "Part of this small difference is attributable to
the fact that the larger set contained more difficult chord

3 patterns.”

4 Handprint keyboards designed for one hand operatior have

& certain advantages over keyboards that require two hands.

3 Without the necessity of reaching with both hands, the keyboard

" may be used in any position, not necessarily on a desk or flat
surface in front of the operator. One hand operation and a
compact size allow the machine to be used anywhere, on 2 chair
arm, or mounted on the side of the chair near the thigh. 1t

would also be possible to integrate the device in the control
column of some types of vehicles, such as high performance
aircraft.

The main argument against most types of nonconventional
keyboards is that hunt-and-peck operation is not possible and is
therefore not suitable for novice operators. However on a hand
print keyboard, with a simple, straightforward method of chording
and the proper cue card, this argument may not be valid.
Mnemonics are used for example, on the Microwriter, a production
chord keyboard by Microwriter 1td. Some are visual such as the
" "H" where the crossbar produced by the thumb and little finger is
‘ visualized. Others are symbolic, like the "0" which represents
i the bulls~eye which relates to the center of the hand, the middle
K finger. The third type of mnemonic is based on wordplay. The
3 "S" is produced by the "S"ignet ring finger (see Figure 3,.
Rodwell (19B0) reports that it took him approximately 3C minutes
to learn the alphabet, 30 minutes for numbers and punctuation.

ATt Fl oL

Do

- -

E Two hours per day for two weeks allowed him to build up to a

<: reasonable speed. While this information is reported in a

A popular magazine and is anecdotal in nature, it gives an

; indication that the novice user can use such a device with
relatively little experience.

] In their study, Lockhead and Klemmer (1959) had operators

i learning 137 chord patterns in less than 23 hours. These chords

;j however, were not on a handprint keyboard and were alsoc for 100 .

; common words as well as the alphanumeric characters. The

X learning was without any memory aids. Gopher and Koenig {(1983;
conducted an experiment using two 5-key handprint keyboards

. together, one for each hand. Each keyboard was independent from

> the other and could produce the entire character set. Tueir

2 objective was to study the best coding scheme to represent

{: identical letters for both hands. The first session was spent 11

’ memorizing the codes. No mnemonic is reported, memorization war

‘ up to the individual, but all individuals had memorized the code:

§ in 35-40 minutes. Six more sessions at 1.5 hours each were

. scheduled. By the end of those sessions, no asymptote to speed

? bad yet been encountered.

& However, Gopher and Koenig did conclude that:
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“"In light of the fundamental differences between
the two typing keyboards in their skill
components, one can conclude that it appears to be
easier for humans to commit 52 chords to memory
and activate them upon request, than to learn the
ways of the hand to a similar number of keys
spread out on a typing keyboard.”

The study performed by Gopher and Koenig raises questions about
the effectiveness of mnemonics for learning chords.
This study addressed the issue of task acquisition and the

usefulness of mnemonics in learning the various chords ar.d

eliminating errors. Both conditions of chord learning, with or
without mnemonics, were compared to the performance on the J4Yi
keypad.

For the 4X4 keypad condition, the alphabetic keying method
used was that described by Stealey (1985) to be the most
efficient of those tested in that study. This is the method of
pressing the key with the desired letter and then specify which
of the three letters on that key is correct by pressing the key
which specifies the letter position; left, center, or right. For
example, if the letter "M" was desired, the "6" key was pressed
and then the left arrow key (see Figure 4;.

Study Objectives

The objectives of this study are summarized as follcws:

1. Determine which of the keypads, Microwriter or the 4X\1
keypad, gives the best performance with limited amounts c¢f
training and practice.

2. Deterwine if the use of mnemonics for chord keypad
training leads to a reduction in the number of errors or if the
absence of these mnemonics leads to confusion among different
chords.

3. Determine the length of time to gain a set level of
proficiency of alphanumeric entry on the chord keyboard and on
the 4X4 keypad. As an arbitrary levei, 50% of the average speed
on the beginning QWERTY typing test will be used. Failing to
attain that level, the proficiency level on the keypads will be
calculated to the nearest 5% of the QWERTY test.

4. Determine if practice on the 4X4 keypad will afiect
entry rate on the 4X4 keypad.
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METHOD
Research Participants

A total of 15 research participants (10 female, 5 malc
participated in this study. The mean age of all research
participunts was 22.7 years. The range was 20 to 29 veare.
Al)l of the research participants were students at Texas ALM
University; 10 of them were undergraduates, the remainder
were graduate students. Average amount of education was
16.5 years with all graduate students seeking a Masters
degree. All research participants volunteered their time.
Reseuarch participants were categorized into one of three
typing skill levels (high, medium, and low skill typists ,
according to their performsnce on sn initial 5 minute
typing test taken from a standard typing text (see
Appendix A).

Equipment and Facilities

The study was based on the only commercially avaalatbl.
six key handprint keyboard, the Microwriter from
Microwriter USA Ltd. It is a book-s1z¢ device with
approximately four pages of memory and a 15 character
liquid crystal display (see Figure 5. For a full
description and critique refer to Freff (1984). The
display on the Microwriter was cov~ered by opaque taupe so
all research participants would use the Apple monitor
described below. The Microwriter, which produces standard
ASCI1 output was interfaced to an Apple Ile microcomputer
via 8 standard communications card.

The Apple accessory numeric keypad was used for the
4X4 keypad. The legends on the keys were covered by a dark
covering and new numbers and letters, in white, were
inscribed on top. This was necessary so that the kevpad
which is calculator format, that is "7 B 9” on the top row,
could be used in phone format which has "1 2 3" on the top
row. Also the letters were labeled on the proper keys as
well as the directional arrows (see Figure 4. Software
was used to allow the computer to translate the keypad's
signals (see Appendix B:.

The microcomputer collected speed and error rate
information from both the keypad and the Microwriter.
Applied Engincering's Timemaster 11 H. 0. clock card was
used to gather the time data for all conditions (see

Appendix B for all programs used . Apple’'s standard 301.%
mm ‘12 inch' monochrome monitor served as the display fo:
all conditions (see Figure 6. Another monitor was used

for the experimenter’s station (see Figure 7

13
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Procedure

Each research participant was required to read and
sign an informed consent form. This document specified the
nature of the study and advised the research participant
that he or she was free to withdraw from the study at any
time for any reason, without bias (see Appendix C).

The initial task performed at the first session was a
standardized timed typing test to determine skill on e

standard typewriter. This skill level was only used in the
assignment to groups, and was not used i1n the analysis. An
I1BM Selectric was used. The assignment of research

participants to groups was based on the test. A balance of

three of medium skill and one each of low and high skill
was assigned to each group.

For the chord keyboard groups, training material was
similar to the documentation which comes with the
Microwriter, but was reprinted and rearranged to eliminate
information unnecessary to the experiment and tailored for

the two conditions (see Appendices D and E). Also included
in the materials for the Microwriter condition were
one-sheet cue cards. The cue cards for each condition were

equivalent in format, the only difference being that the
memory aids were drawn in for the mnemonic condition
operators. Appendix F has copies of both cue cards. VFor
the 4X1 group the training material consisted of one sheet
explaining the method of keying (see Appendix G .

There was a one hour period scheduled for each
research participant each day for a duration of five

consecutive days. At the beginning of the first session
was the typing test following the completion of the
informed consent form, and a demographic sheet. Then after

assignment tno a group, the research participant was given
the training materials appropriate to the condition
assigned. The keyboard used by the research participart
could be repositioned as needed. All that was 1n fron: of
the research participant was the keyboard being used, the
Apple monitor, and any training material needed see Figure

Ho. A 30 minute training and practice session followed.
Treining was self paced. A proficiency test was then
given. All of the Microwriter research participants were

able to become acquainted with all letters and numbers
within the fi1rst session.

The test consisted of two runs of 25 sequences eac!}: .
The first li1st was 25 "syllables” of four random letters.
The second run was again 25 sequences, but of seven rardar

numbers, These lists were presented on a single sheet of
praper see Figure 4 . During the following days the
sequences were not changed, but the order 1n which the:
were presented changed. This was to compensate for wh:!

learning might be possible for essentially meaningless
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FIGURE 8

Operator's Workstation with Microwriter and Training Mater:al
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material. The characters appeared on the screen as they
were entered. No corrections were allowed and the screen
cleared as soon as the sequence of four or seven characters
was completed. The computer kept track of the sequence
time, while total time to complete the list was tracked by

stopwatch, Henceforth the term "sequence” will refer to
individual groups of four letters or seven numbers. Tle
term "list” will refer to the summary of the 25 sequences.

The computer also kept track of those alphanumeric
characters missed on the test. The printout listed the
number of incorrect characters entered in the sequence,
what was entered, what should have been entered and the
time 31t took to enter it (see Figure 10). This was don~ {o
give the research participant an easy comparison betwee: an
error and the correct response. The record for the
alphabetic list was printed in another room as the research
participant was being tested on the numeric list. When the
numeric list test was completed, that record was printed
out immediately and the entire page with the results of
both runs was given to the research participant for rev.ew.
The experimenter went over the list with the operator ard
pointed out the mistakes and had the research participart
compare finger motions of what was erroneously entered and
what was the correct character.

This testing and feedback was repeated every day afie
the 30 minute practice sessions. The practice sessions
were spent typing in news articles which contained both
numbers and letters (see Appendix H for example).

Experimental Design

The model for the study was repeated measures complete
block design; condition by days with repeated measures cver
days. The independent variables in this experiment were
condition, which was determined by the keyboard (4Xx4
keypad, chord keyboard with memory aids, and chord keybczrd
without memory aids); task (letters and numbers); days 1,
2, 3, 1, and 5, and research participants (1 through 1°

Dependent Variables

The dependent variahles for this experiment were

errors-per-list, sequence times, and list times. Sequern - e
time is that i1nterval between the keypress for the first
and last letter or number in the sequence. The time wa:

recorded in this way for all 25 sequences in the list.
digital stopwatch used to collect list times was activat«d
manually by the experimenter. The time was started uporn
hearing the first keypress and stopped upon hearing the
disk drive start on the computer which was, for all
practical purposes, instantaneocus with the final keypres-
of the last sequence.
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Sample Test Results
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One error was counted for each character that was
incorrect, or omitted, or if an extra character was
entered. The program could not determine if a character
was omitted or an extra one entered, therefore if the
siring was one character off, they were all counted wrong
by the program. This was corrected when the errors were
tabulated by hand; a determination was made as to what typ«
of error had occurred.
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RESULTS AND DISCUSSION

The data collected in the study was analyzed using a
two way Analysis of Variance with repeated measures.
Separate Analyses of Variance were run for each dependent
variable: errors, sequence times, and list times. The
model used for all Analyses of Variance were the sane:
conditions by days with repeated measures across days.
Duncan’s multiple range tests were performed for all main
effects found significant by each Analysis of Variance.

Throughout this discussion, the 4X4 numeric keypad
will be referred to as "the keypad." The conditions using
) the Microwriter with the original memory aids and without

the aids will be referred to as "mnemonic" and "plain"
respectively.
The research participants were randomly assigned to
b matched groups based on the skill level exhibited on the
initial typing test. The categorization was three levels:
high, medium, and low. The results of the test and the
grouping can be seen in Table 1. The overall range for
the typing test was 27.6 to 64.3 words per minute. Those
typing above 40 words per minute were considered high
skill, those typing below 30 words per minute were
considered low skill. The operators whose scores fell
between these boundaries were considered medium. The upper
boundary reflects a natural break in the scores. The lower
| boundary was set rather arbitrarily by grouping the three
; lowest scores together. This grouping and balancing was
v done to control any tendency for experienced typists to do
, better on manual dexterity tasks than research participants
| inexperienced with conventional keyboards.
The discussion of the data gathered on the three
- dependent variables involved in the analysis: sequence
- time, list time, and errors, is betier divided by group of
tests, beginning or ending. This division forms a logical
outline from which to discuss the results.
Mean Times for Sequences

PR

Letters: The mean times for each keyboard per dav are .
shown in Figure 11. The actual values for the means are
i listed in Table 2. 1Initial inspection shows that on the

first day’s test, mnemonic started with a slightly higher
. mean (5.B3 sec.) than the other two conditions (5.53 for
keypad, 5.34 for plain). By the second day the keypad had
¢ the highest mean and remained in the top position. The
corresponding Analysis of Variance for the test (Table 3.,
shows that neither condition nor the interaction of
condition and days is significant. Again, "days" shows up
as being significant. The Duncan Multiple Range test in
Table 4 lists days 2, 3, and 4 as being significantly
different from each other, while days 4 and 5 are not.
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TABLE 1

Results of Typiny Test: Means ana Standard veviations (all
figures in words per minute)

s T mewonic | peam KEYPAD |

LUW 28.0 wpm 29.6 wpm 27 .6 wpm

¢ MEDTUM

w W
w Q. -
L] L] .
w o U
P W L
~J
. .
W
[#3]
o
£

HIGH 58.5 64.3 58.3

4
b AVERAGE 37.62 41.84 38.90

L)

STANUARY 12.10 13.15 11.81
DEVIATION
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FIGURE 11

Mean Time by Condition Uver Days for Letter Sequence Tests
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‘ TA3LE 2
%l Means and Variances for Letter Seyuence Tinmes
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TABLE 3

Andalysis of Variance tor Letter Sequence Times

.

Source af MS F PrOF
Condition 2 2.U431 l.ué  U.3842
Day 4 20.681Y 190.64 (O.uuwUl *
Congition x Day 8 v.2141 1.97 U.u7u4
trror Subject(Condition) 12 1.970¢
Error Subject*Day(Condition) 48 U.lugd
Total 74 1.586¢2
* Siynificant at p < v.U5
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Table 4
Duncan's Multiple Ranye Test for Comparisor of

Days for Letter Sequence Times

Alpha = U.Ub df = 43 MSE = U.lus4y
Groupiny Mean N Days
i 5.5664 15 1
| 3.906Y 15 2
! 3.2658 15 3
2.8249 15 4

2.676¢2 15 5




Numbers: In Figure 12 there are the mesn times for each
condition, actual values are listed in Table 5. The differences
between conditions 1s significant at the 0.05 level. The table
on page 35 has the Duncan Multiple Range test for condition and
1t shows thst puirs: mnemonic snd plain, plain and keypad, are
not significantly different. Mnemonic and keypad are shown to
be different. The difference between days 1n the Ananlvsis of
Variance (Table 6) i1s shown to be highly significant; the

corresponding condition and dey interaction 1s also calcul 1ted
as being significant to the 0.000] level. Table B shows the

Duncan Multiple range test for days.
Mean Times for Lists

Letters: Figure 13 shows the means by condition over
days. The actual values for each point 1n the graph are
listed in Table 9. The corresponding Analysis of Variance in

Table 10 gives the predictable significant difference for
deys, but shows no significance for conditions or the
interaction of condition and day. The pertinent Duncar.
Multiple Range test for days 1s listed in Table 11. Note that
although not significant, the times for day 5 were longer than

for day 4.

Numbers: The means of the sequence times for the number
test are arranged by condition over days in Figure 14; the
actusl values for each point can be found in Table 12. The

Analysis of Variance (Table 13) shows the usual haigh
signi1ficance hetween davs to the 0.0001 level; 1t also shows
the same level of significance for the condition-day
interaction term. The Duncan Multiple Range test in Table 14
indicates no significant difference for days 3, 4, and 5.
Mean Errors

Letters: Figure 15 shows the trend of each condition
over time. Keypad, obviously has the lowest error rate,
starting with 2.40 error on the first day and finishing with
0.20 errors on the fifth. The complete list of actual values
can be found 1n Table 15. The Analysis of Variance (Table 1060
shows condition to be significant beyond the 0.05 level. Day
1s also significant. In the Duncan's Multiple Runge test for
condition (Table 17), it is further determined that only
keypad 1s significantly different from the other two. The
Duncan’'s Multiple hange test for days appears 1n Table 18 and
shows that only day one 1s significantly differert.
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TAGBLE 6

Anailysis of Variance for Number Seuuence Times

Source af MS F PR>F
Condgition P4 1u.ud4e 4,00 Uv.U8bc
Day 4 12.6910 6b6.31  U.LUUL
Conagition x Day 8 1.2895 6.74  U.UUU.
Error Subject{Conaition) 12 2.5240
krror Sub,ect*Vay(Conaition) 4y U.1914
Total 74 l.6314

* Siynificant at p < ULUD
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Table 7

Duncan's Multiple Rangye Test for Comparison c°

Conaitions for Number Sequence Times

Alpha = 0.ub  df = 12

MSE = 2.52396

Groupingy Mean N Conaition
' 4,6522 2V Mnemonic
l 3.9Ul6 20 Plain
3.3894 2V Keypad
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Table 8

Duncan's Multiple Ranye Test for Comparison ¢

Days for Number Sequence Times

Alpna = U.U5 df = 43 MSE = U.19138
Groupiny Mean N Days
| 5.468U0 15 1
! 4.2502 15 2
3.61U5 15 3
I l 3.3304 15 4
3.2401 15 5
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TABLE 9

M2ans ang

“rances for _etter o3t Times

)
N | MEAN | var |

CONDTI- {DaY

oN

KEYPAD |1 s|214.00(789.%0
2 $1170.60(924 .30
3 5{145.80{492.70
a s|132.80| 29.70
5 s{130.20{193.20

MWNEMON | 9 5/210.00(1042.5
2 s(152.80{2486.2
3 s|124.40[1036.8
4 $1100.20}196.70
s 5{101.00|340.%0

PLAIN |9 s|199.80|170.70
2 s|134.40|298 .30
3 5|114.40]/3%8 .80
4 s| 97.20|387.70
s 5/100.40)} 149 .30

CONDTI~

ON

KEYPAD |ALL 28] 158 681415 . 1

MNEMON (ALL 25(137.68{2597.4

PLAIN [aLL 25(129.24/1698.3
DAY

ALL 1 15(207.93{610.%0
2 15| 152.60[ 1293 7
DAY

ALL 3 15]128.20|724.31
4 15(110.07|445.35]
s 18[110.83|402 a1

CAL ALL 79141 87 2027 a
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K TABLE 1lu

?_ Analysis of Variance for Letter List Times

K. Source af MS F PR>F

o Condition 2 5745.6134 2.83  U.u98Z
X Day 4 29474.453 107.63 0.00U1 *

Congition x Vay 8 211.8467 U.91  0.514v

Error Subyect(Condition) 12 2027.4533

. Error Subgject*Day(Condition) 48 232.U045V

\
s Total 74 2007.4414
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* Siygnificant at p < U.U5
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Table 11

Duncan's Multiple Range Test for Comparison of

Days for Letter List Times

Alpna = 0.U5 dt = 48 MSE = 232.04%
Grouping Mean N Days
I 2u7.93 1> 1
I 152.60 15 2
| 128.20 15 3
110.53 15 5
110.07 15 4
{
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Means acJ Variances tor Number List Tinmes

MEAN VAR

CONDT1-|DAY

ON

KEYPAD |1 $1163.80|1152.2
2 ${138.00 1164
3 $1127.0011272.8
4 5[122.80{10¢8.7
L] ${119.80[1171.7

MNEMON | 1 $1217.60|591 30
2 $1151.20[11033.2
J $91121.00]316.00
4 $|120.40| 94 .80
5 $|117.80|338.70

PLAIN 1 5]169.00]| 87.50
2 $|134.80| 47.20
3 $1119.20)10%.70
4 $(108.20| €5.20
S $1120.80({222.70

CONDT] ~
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KEYPAD (alL 251134 .28 1229.8

MNEMON {ALL 25] 145 .6011901.6

PLAIN ALL 25/130.40|54% .50
DAY

ALL 1 15/183.47|1143.6
2 151141.331695 .24
DAY

ALL 3 151122 .40(405.97
4 15)117.13|380.8%
-] 151119 .47 (496 .84

ALL ALl 78|136.76|1234 .6
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: TABLE 13

Analysis of Varidance for Number List Times

Source af MS F PK>F
H
)
L'
. Conaition 2 1559.640V u.69  U.5197
R Day 4 [1598.380 73.8U0 U.00Ul *
U
L)
#
. Conaition x Uay 8 9U5.7367 5.76  U.LLVl *
) Error Subject(Condition) 12 2255.1200
z: Error Subject*uay(Condition) 48 157.1/0v
.
]
A Total 74 1234.0443
A
N
i
A
A
; * Siynificant at p < U.U5
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Taole 14

Duncan's Multiple Ranye Test for Comparison of

Days for Number List Times

Alpha = U.05 dt = 4§ MSE = 157.17
Grouping Mean N Days
{ 183.47 15 1
) 141,33 15 2
122.40 15 3
119.47 15 4
117.13 15 5
42
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Medns and varilances tor tetter crrul cuuil

’ N | meEan | vam

v CONDTI- (DAY

¢ oN

: KEYPAD |9 s| 2.40] 11.30

' 2 s| 1.40] 2.80

: 3 s| t.20| o0.70

; P s| 1.60[ o0.80

i s s| 0.20/ 0.20

" MNEMON |1 s| ¢.00| 6.%0

& 2 s| 3.20] 3.7

h 3 s| 3.20] 8.20

:‘ 4 S| 3.80| 20.70
5 s| 2.80{ 3.7

¥, PLAIN |1 s| 7.00| 12.%0

: 2 s| 3.00| s.%0

. 3 s| 2.80| a.70
P s[ t1.80] o0.70
s s| 2.40] 0.20

CONDTI -

\ oN

W KEYPAD [ALL 25| 1.36| 3.16

. MNEMON |aLL 2s| 3.s0| 9.83

: PLAIN |ALL 25| 23.40| ®.00 .

‘ DAY

? aLL 1 15| S.13| 12.84
2 15| 2.53| a.98

I DAY

iy

R aLL 3 15| 2.40| 4.69

" 4 18| 2.40| 9.68
s 1s| 1.s0| 2.60

ALL ALL 15| 2.88] 7.96

P A
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TABLE 16

Analysis of Variance tor Letter Error Count

sSource df MS F PR>F
Condition 2 42.8133 3.9 U.0482 T

) Day 4 25.5800 5.0  U.Wwle *
Congition x Day 3 3.530V 0.70  v.byee
Error Subject(Condition) 12 1u.8467

Error Subject*lay(londition) 48 Y.Ub34

, Total 74 7.9647

* Siynificant at p < U.Ub

~ 45
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Table 17

Duncan's HMultiple Ranye Test for Lomparison of

Conditions for Letter Error Count

Alpha = U.US af = 12 MSE = 10.8467
Grouping Mean N Congition
3.800U 20 Mnenonic
3.4000 20 Plain
1.3600 2u Keypad
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Table 18
; Duncan's Multiple Ranye Test for Comparison c¥

Days for Letter Error Count

Alpnha = 0.UY ar = 48 MSE = 5.U6333
Grouping Mean N Days
| 5.1333 15 1
§ 2.5333 15 2
¢ 2.400U 15 4
)
2.400U 15 3
¢ 1.8000 ) 5
'i
L ‘.
§
k.
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\
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B Numbers: Figure 16 and Table 19 come from the data for

Y the error count on the numbers test. The Analysis of Variance
:‘ (Table 20) shows condition and day as significant and the

5 interaction term approaching significance. The Duncan

v Multiple Range tests for conditions and davs are listed in

Table 21 and 22 respectively. Of note, but not statisticallvy
significant, is the fact that the days are not in the regular

N chronological order. Days 3, 4, and 5 are reversed but are

\ nol significantly different from one another.

" Confusion Errors

) Table 23 shows which letters were confused with other
letters for the two chord keypad conditions. Since there were

four letters in each sequence and 25 sequences in each list, a

~ letter should occur an average of approximately four times 1n
N each list. The list was presented to the research participant
: five times meaning that the participant would have an

., opportunity to enter a particular letter 20 times over the

course of the experiment. If a letter was put in place of

v another letter four or more times it appears in the table.

Cal . .

R This 1s an error rate of 20 percent or more. For example, the
: letter 'D’ was entered in place of the letter 'C’ more than

Y4 four times by the subjects in the plain condition. As is

- shown by the chart only two letters appear in both conditions,

those are the letter 'F’ being entered instead of the letter

), "D’ and 'Z' instead of ’Q’.
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[

N MEAN | VAR

.l
N CONDT]I- DAY
Q ON
4
$ XEYPAD |1 s| 2.40| S.30
' 2 s| 1.40] 2.80
<
K 3 s| +.20] o0.20
!,

4 s| o0.80| 0.70
>,
; ] 5| 1.40( 1.30
MNEMON |1 s 8.00| 16.%0
‘l
1! 2 s 4.40| 18.30C
k)

: 3 ] 1.40 2.30
. 4 s| 2.60| 2.m0
of

s s| 4.60| 4.80
o PLAIN |1 s| 6.20{ 8.20
) 2 s| 6.20{ 9.20
4

3 s| 2.20( 1.20

4 s! 2.60] 8.s0

- 5 s| 2.60| ©0.80

. CONDTI-

L
- oN
W KEYPAD |[ALL 25 1.44 2.01
) MNEMON [aLL 25| 4.20{ 12.17
.‘ 13
- PLAIN |aLL 25| 3.96| 8.29

LY

. DAY

" ALL 1 15| S5.53| 14.41
5 2 1s| 4.00| 12.00

N
», DAY )
i ALL 3 15| 1.60| 1.26
[

) 4 15 2.00| 4.29
. 5 15| 2.87| 3.8a!

: o
) ALL ALL 71| 3.20| &.84,
L, J

v
L)

Y - ..

TABLE 19

N

Means anc variances tor wzumoer Error Louns
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TABLE 20

Analysis of Variance for Number Error Count

{ Source df MS F PR>F
Congition 2 58.4400 5.9  U.0193 *
Day 4 38,2333 9.4U0 0.0001 *
Congition x Lay 8 63.3867 1.95  0.0742
Error Subject(Condition) 12 1U.4000

Error Subject*Day(Condition) 48 4.0683

Total 74 8.8378

* Siynificant at p < 0.05
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Table 21

Duncan's Muitiple Ranye Test for Comparison of

Conditions for Number Error Count

Alpha = U.Ub dr = 12 MSE = 10.46
Groupiny Mean N Condition
4.2000 20 Mnemonic
3.960U 2U Plain
| 1.4400 20 Keypad
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" Table 22

Duncan's Multiple Range Test for Comparison of

-

S -

Days for Number Error Count

Alpnha = V.05 daf = 48 MSE = 4.06833

Ty

Groupiny Mean N Days

P KK,

. | 5.5333 15 1
i 4.0000 1y 2
2.8667 15 5
. 2.0000 1b 4

oy 1.6000 15 3
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e TABLE 23

)

ﬁ: Confusion Matrix:

,? Matrix of letters which were entered more than four <Times

i incorrectly for a particular letter.

N ,

! Correct entry A B C ] E J F J G J

. INCUKRECT ENTRIES
Mnemonic: 8F

N

e Plain: M 0] FY
Correct entry H , I J K L [ M 17 N__i
INCORRECT ENTRIES

;- Mneonic: F J

& Plain: L R Y

" b —

y

v

N Correct entry [0 P } Q ' R S T U J

v INCURRECT ENTRIES

L4 - Iy

’ Mnemonic: vZ

- Plain: Z

.}

4

"

. Correct entry v ‘ W } X l Y l

: ! |
INCURRECT ENTRIES

X Mnemonic: LQ ! ; 1

~ v ‘

™ Plain: j P ‘ 4




CONCLUSTONS AND RECOMMENDATIONS

To summarize, neither keypad, given the constraints of
training and practice time, was found to be superior in
terms of speed. The 4%4 keypad was however, found to have
significantly less errors than the Microwriter. The szcond
objective of the study dealt with the difference in errore
due to the use or non-use of the memory aids. There was
slight evidence to show that mnemonics increases the rnumber
of errors. Confusion between different letters occurred by
the use or nonuse of the memory aids.

The third objective dealt with an arbitrarily se?
level of proficiency to be gained on the various kevpads.
This was set at 50% of the average speed demonstrated on
the beginning OWERTY typing tesli. The average speed was
calculated to be 39.45 words per minute or 197.25
characters per minute. The 50% level would therefore be
98.63. This level was not gained on any of the conditions.
The 25% level, however, was attained by all conditions (sec
Table 24°.

For the fourth objective of this study, i1t was found
that slight practice on the 4X4 keypad does show
improvement in performance, at least during the first four
days. There was some evidence that a plateau of behavior
was exhibited during the fifth day.

Given the short time each operator had in trainirg
(2.5 hours during five days) neither Microwriter or 4%1
keypad shows a really definite advantage in terms of speed.
On the test for numbers, condition is shown to be
significant beyond the 0.05 level (Table 6). Upon ]
inspection of Figure 12 it can be seen that it is the
mnemonic condition which caused the difference by having
such relatively high times for the first two days. The
difference 1s gone by the third day, the line converging
with the rest. This convergence gives rise to the
significant interaction term.

Figures 17 and 1B show the overall means by cond.ti1o0n
for sequence times. In these figures, 1t 1s apparent that
there 1s very little difference in times. The kevpad tends
to show an enlarged difference in comparison to the
conditions on the Microwriter when tested with numbers bu!

1t was still not significant. Figures 19 and 20 are t i
crharts showing the overall means by condition for lis:t
times . Again visible 1s the tendency (nonsignificant for

keypad to take longer for letters and shorter for number:.
This 1s not surprising since it takes two separate an-
distinect keypresses und even a visual search for the
correct key 1n order to get one letter. It was expected
that the keypad would take a much shorter time for key:ng
because of the familiarization with the keyboard that all
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TABLE 24

X Data Entry Rates by Condition and by Type of Test
!
[}
K
DATA ENTRY RATES (ALL FIGURES IN CHARACTERS PER MINUTE)

A SEJUENCE L1ST
k) BEGIN END AVERAGE || BEGIN END AVERAGE
) ALPHA 73.2 79.2 76.2 46.2 46.1 | u6.1
¥ KEYPAD Iyumeric | 80.8 | 83.3 82.1 50,9 50,1 50.5
. averace | 77.0 | 81.2 79.1 48.5 | 48.1 | 48.3

ALPHA 83.6 | 93.0 88.3 57.7 59.4 58.6
N
} MNEMONIC [wumeric | 66.3 | 69.0 67.6 51.0 | 50.9 | s1.0
W AVERAGE 75.0 81.9 78.0 54.4 55.2 54.8
i
, ALPHA 88.9 99.6 94,2 60.4 59.8 60.1
Y PLAIN
! NUMER1C 71.4 71.2 71.3 54.6 49.7 52.2
) averace | 80.2 | 85.4 82.8 57.5 | 54.7 | S6.1
N
f §
K
4
3

56
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research participants had. Expectations were that the more
. familiar with the phone, the faster the person should be.

3 Where the kevboards differ greatly is in terms of
p errors. Condition is significant in both of the Analvses
: of Variance for error. In each (Tables 16 and 20),
! condition is significant to beyond the 0.05 level. The
corresponding Duncan tests (Tables 17 and 2] register
f' keypad differently than the other two conditions. The
: keypad had fewer errors at the end. It is of note that
o there is an absence of a significant interaction term in
5 both, vyet the relevant graphs, ‘Figures 15 and 16
¢ respectively,; show many changes in angle of the lines.
Loovking at Figure 2] which has the overall error means
N by condition for letter tests it is seen that keypad has a
N smaller error rate than the other two. For the numbers
~ tests, Figure 22 is of importance. In both analyses, the
™ keypad was found to have significantly less errors than
N both of the Microwriter conditions.
For the confusion of letters for the chord keypad,
o only two letters appear in both conditions as being
{‘ confused with the same letter four or more times in each
y condition. From this it is evident that the use or nonuse
& of the memory aids does lead to different errors.
W All research participants were able to become familiar
with all of the chords within the first session. The
2 sequence time values of the first test given (when most
:; chords were not learned and extensive use of the cue card
3 was necessary!) should give an indication of the difference

n¢ in search time for the two conditions. Looking at the
proper figures and tables (tests for the first day: Figures
11 and 12, and Tables 2 and 5), searching for the correct

kj chord does not seem to be a problem for letters and only
b marginally for the numbers.

N Entry rate on the keypad improved marginally over the
$ duration of the study. As shown in the various interaction

graphs (Figures 17 through 20) all keypad lines have &

‘ general downward trend. All Analvses of Variance dealing
" with time values have day as significant, although whether
A this is significant for Jjust kevpad is doubtful. A
: follow-~up study readily suggests itself at this point.

55 Relying on these conclusions, chord keyboards of the

B handprint type tested here should not be used in
- applications which do not warrant long training times.
> Applications which cannot provide a large amount of
N training and which also have severe consequences for errors

;5 should not use a handprint chord kevboard. The 4X4 kevpad

. should be used only in those situations which require

gf infrequent and brief entry. It 1s possible that a 41
y keypad could be used in a heads-up data entry task, but
; only after a long periocd of training. Further study a:

"o needed to ascertain how feasible this 1s, and whether oth:
” encoding methods would work better.
’
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Comparison of Mean Secuence Encoding Times Between

Conditions on Letter Tests
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Comparison of Mean Sequence Encoding Times Between

Conditions on Number Tests
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Comparison of Mean List Encoding Times Between

Conditions on Letter Tests
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A beyond the U.U5 level. The corresponaing Uuncan tests (Tables
17 and 21) reygister keypad differently than the other two

conaitions. The keypad had fewer errors at the end. It is of

- > T

note that there is an absence of a siynificant interaction term
; in both, yet the relevant yraphs, (Figures 15 and 16

respectively) show many chanyes in angle of the lines.

' Lookiny at Figure 21 which has the overal] error means Dy
» conaition for letter tests it is seen that keypad has a smaller
[]
. error rate than the other two. For the numbers tests, Figure 22
) is of importance. In both analyses, the keypad was found to
, nave significantly less errors than both of the Microwriter
; conditions.
j For the confusion of letters for the chord keypad, only two
o letters appear in both conaitions as being confused with the
5 same letter four or more times in each condition. From this it
: is evident that the use or nonuse of tne memory aids does lead
. to different errors.
': All research participants were able to become familiar with
' all of the chords witnin the first session. The sequence time
R values of the first test yiven (when most chords were not

ledarned and extensive use of the cue card was necessary) shoulad
s

give an 1inaication of tre difference in search time for the two
¥ congitions. Luokinyg at the proper figures and tables (tests for

tne tirst gay: Figures 11 ana 12, ana Tables ¢ and »), searcning

- -

for tne correct chord goes not seem to be a problem for letters

ana only maryinally for the numbers.
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on Letter Tests
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A number of other follow-up studies and related
studies are suggested by the research documented here.
Starting with the results of the OWERTY skills test which
was used for classification of research participants into

groups, but was otherwise unused in the final analysis, a
study should be done to investigate transfer effects
hetween the conventional typewriter and different types of

chord kevboards. The question of whether skill on a GWERTY
board or the manual dexterity involved has an effect on
heginner chord users can be investigated using skilled
typists and accomplished pianists.

Due to the limited amount of time at the kevboazrd
volunteers were willing to endure, asymptotic behavior
was not reached although a plateau to speed was. A longer
study using longer practice sessions, a longer span of davs
or both should be done to establish a learning curve for
both keyboards, the upper limits to speed, and if the chord
keyboard actually meets performance claims made by the
manufacturer. Research participants for this study would
have to have some external motivation greater than the
intrinsic rewards available in this study.

The effects of different activation force curves for
the keys and different key technologies, different
curvatures of the palm rest and even an adjustable pal:n
rest should all be investigated to make the chord heyboard
more acceptable to the novice user. Fetention of skill
over weeks or even months for relatively long time users
would make another good study.

The use of various operator populations also lends
itself to study. The chord keyboard has been integrated
into control columns of certain aircraft for in-flight data
entry. Keying ability under workload or stress, with
gloves, and 1n various acceleration environments such as
those found in military aviation should be investigated
with chord keyboards.

that
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APPENDIX A
COPY OF TEXT USED FOR TYPING TEST

Exercise 161 Strokes
From the common-ense standpoint, evervone understands, or considers 68
that he understands, what is meant by time or duration; but an appreciation 143
of its real nature, with its assumed infinite duration in the past and its 217
infinity in the future, has always baffied the philosopher. According to 290
Newton, absolute, true and mathematical time, by itself, fiows uniformly 362
on without respect to anything external He thus conceived time as some- 435
thing which would continue even if there were mo other physical 498
phenomena, no material bodies, and no human being in existence. No 565
method, however, can be imagined whereby such absolute time could be 633
directly measured, and it is clear that for time measurement it is necessary 709
to consider other phbysical changes in addition to time itself. m”
The change with which time can be most conveniently associated for this 842
purpose is motion, and time-measurement is based upon the observation of 914
a standard uniform motion, the rotation of the earth on its axis being that 989
actually employed. 1007
The theory of relativity, with which Einstein’s name is associated, has 1078
for long attracted considerable artention, and it includes an idea of time 1152
quite different from that enunciated by Newton. According to this theory, 1226
there is no universal absolute time, and the measurements of both time and 1300
length will vary with the motion of the observer making the measurements. 1373
Two observers on different moving systems will fail to agree as to what 1444
constitutes equal periods of time or equal lengths of bodies, and they will 1519
not always agree as to whether two events occur simult aneously or otherwise 1594
even after adjustments have been made for the time taken by light to trave! 1669
from the observed bodies to the observers. Measurements of the velocity of 1744
light, however, give the same result for both observers. The differences 1817
between the measurements of time and length by the two observers are 1885
wholly inappreciable for motions relative to one another which come within 1959
the range of human experience, and no practical difficulties, in connection 2034
with clocks and watches, arise from this theory. 2082
The rotation of the earth, upon which practical time measurement is 2149
based, is determined by the apparent motions of the heavenly bodies, and 2221
some acquaintance with astronomical principles is necessary to appreciate 2293
the methods employed. 2314
Although the stars are at different distances from the earth, they can all 2388
be imagined as projected upon a sphere of which the earth forms the centre. 2463
‘493 words
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TEST.MAIN

1U UIM A$(25),AL18(25),AZ28(25),A3
$(25),A48%(25)

20 RD = - 16384:CL = - 1b3bd

3U DS = CHRS (13) + CHRS (4)

4u TEXT : HUME : VTAB 8

oJ PRINT “L1] ENTRY UF DATA"

bU PRINT " 2] EUITING UF UATA"

70  PRINT

8U PRINT " 3] TESTING PRUCESS"

9U PRINT "[4] PRACTICE SESSION"

10U PRINT

110 PRINT "“|'5] PRINT DATA"

12U PRINT “|6) PRINT RESULTS"

13U PRINT

14U PRINT “[7] EXIT TU SYSTEM PK
UMpPT"

15U VTAB 2V

16U PRINT “PLEASE CHUUSE (1-7)

= -

17u GET £$: PRINT Z%

180 1F VAL (I§) < 1 UR VAL (I3
) > / THEN 4U

190 UN VAL (Z%) GUTU 22u,20V,48
u,2lu,buu, /790,134y

20U PRINT D$;"“RUN TEST.EDIT"

21U PRINT D$;"RUN TEST.PRACTICE"

220 REM

ENTRY UF UATA

230 LUSUB 154U

24U HUME : VTAB 5: HTAB 1l

250 PRINT "PLEASE INPUT UATA"
26U VIAB & .

270 FurR x =1 Tu 12

28U PRINT  SPC( (X < tU));x;". "

290  INPUT """ AS{ X!

30U NEXT X

3lu Fur x = 13 Tu ¢5
320 VTAB X - 5: HTAB 2u
330 PRINT X", ",

34U INPUT "™ ;AS{X:

35J  NEXT x

"y " & o
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360 UNERR GUTU 14bu N
370 PRINT U$:"UPEN “Tss$“,L2u"
380 PRINT D$;"READ “TS$",rU"
390 INPUT REC ;
4uu FUR X =1 T0 2 o
41U PRINT D$;"WRITE "TS$",R";REC
+ X Lt
420 PRINT AS(X) ~
430 NEXT X "
44y PRINT US;"WRITE "TSS",RU" :
450 PRINT REC + 25 g
46U PRINT $;"CLUSE “TS$ g
470 GUTO 40 ")
480 KEM
“~
-
TESTING PRUCESS N
3
490 HUME A
500 VTAB 12 A
51U PRINT "1. TEST WITH KEYBUAKU .:
52U PKINT "2. TEST WITH MICKUWKI J
TER" !
530 PRINT N,
54U PRINT “PLEASE CHUUSE (1/2) : 3
(TN =\
550 GET Z$: PRINT £$ o

56U IF VAL (Z$) < 1 UK VAL (13

) > 4 THEN 4YV -
570 ON VAL (Z$) GUTO 58U,59u -
58U PRINT D$;"RUN TEST.KEYBUARD" '

PRINT D$;"RUN TEST.MICRU"
REM

PRINT UARTA

HUME

LUSUB 154U

VIAB 1¢

INPUT "PRINTER SLUT :";PK

PRINT DS$;"PR#" ;PR

PRINT Ud;"UPEN "T5$",LeU"
PRINT DS;"READ “TS$" ,rU"
INPUT KEL

FUR X = 1 TU REL

PRINT US; "REAU "TSS" K" ;X




PN

"

/10 INPUT AS

72U PRINT  SPC( (X < 1U));x;".";
A%,

73U IF PR = U THEN FUK C = 1 Tu
SUU: NEXT C

749 NEXT X

75U PRINT U$;"CLUSE "TS$

76U  PRINT L§;"PR#uU"

770 PRINT : PRINT "PLEASE PRESS
ANY KEY TU CUNTINUE";: WAILT
RD,l28: PUKE CL,U

780 GUTU 4U

790 REM

PRINT RESULTS

BUU HUME

8lu VTAB 12

82U IWPUT “PRINTER SLUT :";PK

822 PRINT "PRINT ONE FILE UK ALL

(1/A) ",

824 GET Q3¥: PRINT Q%

8o IF Q% < > "1" AND Q$ < > "
A" THEN VTAB 13: GUTU 822

828 IF Q$ = "1" THEN 1332

83U DIM TS$(255)

84U PRINT D$;"OPEN TEST.RESULTS"

850 PRINT D$;"READ TEST.RESULTS"

86U UNEKR GUTU Yuu

870 X = X + 1

88U INPUT TS$(X)

890 GUTY 87U

YUU PUKE 216,u

Yl1U PRINT D$;"CLUSE TEST.RESULTS

92U FUR NUM = 1 TU X - 1

Y30 PRINT D$;"OPEN “TS$(NUM,)

94U PRINT D$;"READ "TS$(NUM:

Ybu INPUT N1S: INPUT N23%: INPUT
N3S

946U [NPUT NMBK

Y70 FUK ¢ = 1 TU WNMBK

g8y INPUT ALS(Z),R2$(Z),A35(L) ,n
4s( L

Y90 NEXT (£

Louu  PRINT D§;"CLUSE "THS{NUM,

1010 PRINT DS;"PR#";Pr

lUdu PRINT SPC( 4U - ! LEN [Ni:

76




U3V
104y

1UusV
1ubu
107u
lugy
! U9y

VY

11uv
111v
1120
113V
1140

1150
116U
117u
Z 1180
! 1190

120V
121v
1220
123v
. 124v

1250
126V
127V
¥ .1V
129u

K 130U
1310
132V
! 1330

1332

1333
1334
1336
1337
1338

W R G R T, YRR L N A SR g, i, A A

B}

) / 2));N1$

PRINT SPU( 4U - ( LEN (N2$
) / 2));N2$

PRINT SPC{ 4U - ( LEN (N3S
) / 2));N3$

PRINT

FUR ¢ = 1 TU WMBr STEP 5

PRINT AlS$(Z);

FUR Q =2 Tu s

PRINT SPC( 16 -
U+ Z-2)))A18U

LEN (A1S!
+ L -1),

NEXT Q

PRINT

PRINT A28(2);
FUR Q = 2 Tu b

PRINT SPC( 16 - LEN (AZS,
Q+« L -2)));Re8(Q + 4L - 1),
NEXT Q

PRINT

PRINT A3$(2);

FUOK Y =2 TU 5
PRINT SPC{ 16 -
U+ Z-2)))A3%Q

LEN (A3$]
+ 1L -1);

NEXT U

PRINT

PRINT A4%(Z);

FUKR gy =2 TU S

PRINT SPC( 16 - LEN (A43(
Q+2-2)))R48(Q + ¢ - 1),

NEXT Q
PRINT :
NEXT Z
PRINT : PRINT

FUR Q = 1 TuU 79: PRINT "-";
T NEXT y

PRINT

PRINT US;"PReU"

NEXT NuM

LUTU 4U

REM

PRINT

PRINT UNE

VIAB l¢
“PRINT WHU?

HUME

[NPUT (U TSS

UNERR  GUTU 1339
NUM = 1:X = ¢
GUTU 92u

77
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133y

134U

1350
1360
137v

138V
139v
1400
1410
142V
1430

1440
1450
146U

1470
1480
1490
1500
1510
1520
1530
154y
1559
156U

1570

1980
1590y

HUME : VTAB 12: PRINT Ts53(1

}* IS NUT UN FILE PLEASE": PRIN
"CHECK SPELLING ANU [RY AGAI]
N": VTAB 23: INVERSE : PRINT
“PRESS ANY KEY Tu CUNTINUE":
NURMAL : WAIT - lob3B4,12y:
PUKE - 163b8,U: PUKE 216,U

: GUTY 4U

REM

EXIT Tu SYSTEM

HUME
VTAB 8

pRINT I 2222222222222 222224
AXREAN AR ARN TR AT AR
PRINT “*
*Il
PRINT "= PRUGK
AM BY "
PRINT "= BRIAN S.
PLUTKIN LA
PRINT "= (C) va-
1u-85 *
PRINT "=

*ll
PRINT Vv r s wkta kAN RN *n
2228222222222 2 222 11
NE W
Elv
REM

UPEN NEW DATA

PRINT D$;"UPEN "Ts$",L20"
PRINT D$;"WrITE “TS$",rU"
PRINT U

PRINT D3$;"CLUSE "TS3

PUKE Z16,u
KEC = U

GUTY 37u

HUME : VTAB 1/

PRINT

INPUT “CREATE/USE UATA SET
e 00T

TS = “TESTLUATA" +  STRS (U
T)

HUM:

Ko TUKR'Y
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TEST.EVIT

10 UNERKR GUTU 8uu

2U DS = CHRS (13) + CHRS (4)

3u TEXT : HuME

q4u VTAB 12

S50 PRINT "1) LIST DATA"

60 PRINT “2) EDIT UATA"

JUu  PRINT “3) RETURN TU MAIN MEWU

8U  PRINT : PRINT

9u  PRINT “CHUUSE 1-3 :";

Iuu  GET Ay

11u  PRINT A$

1¢u A = VAL (AS)

130 IF A <1 UK A > 3 THEN 3V
14U UN A GUTU 1ouU,33U,63U

150 REM

LIST DATA

160 GUSUB 730

170  HUME

180 VTAB 12

190 INPUT “PRINTER SLUT :";PR
200 PRINT D§;"Pr#" ;PR

210  PRINT D3 ;"UPEN “;T58;",L2V"
22U PRINT D$;"READ ";TS$;",RU"
230 INPUT rEL

24U FUR A = ] TU KEC

25U  PRINT 0§;"REAU ";T5%;" ,R";A
260  INPUT AS

270 PRINT A", "“A%;

28U NEXT A

29U PRINT D§;"PreU"

3u0 PRINT D$;"CLUSE ";TS$

31U GUSUB bbby

320 GUTU QU

35U RiM

EUKT UH1H

34U Ludus 73U

50 HUML N
36U VTAB 1/ ~
3/U  INPUT “bUlT UATA & " ko -
d8J  PRINT D$;“UPEN " ;T53;",Leu” o
390 PRINT US,"READ " TS8R L. -
w

4
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SN

N s

Frrar s

AL ey

a e

LN S Y

N )

J a4 J ae 4

40u
41y
LY4V)
43U
44y

45y

40U
47V

48U
49y
“Uu

51V
52V
53V

54V
55U
Sou
S7U
S8U
590
bUU

61y
62V
b3V

64y
65V

66U
b/u
bou

69U
7UU
/1y
72V

INPUT AS

PRINT D$;“CLUSE ";T55$

HUME

VTIAB 12

PRINT “DATA CURRENTLY 1S :";
AS

INPUT “CHANGE Tu v
BS

VIas 16

PRINT “CHANGE “;A$;" Tu ";BS
"2 (Y/N) it

GET U3

PRINT

IF QS < > "Y' AND Y% < > *
N THEN 46U

IF QS < > "Y" THEN 5ou
PRINT D§;"OPEN " ;TS$;",L20"
PRINT D3 ;"WRITE ";T5%;",rR";E
U

PRINT BS

PRINT U$;"CLuSE ";TS%

HUME

VTAB 1¢

PRINT "EUIT ANUTHEK 7 *;

GET Q$

IF Q% < > "Y" ANU g% < > "
N" THEN 56U

IF Q3 = "NW" THEN 3u

GUTOU 350

REM

KUN MAIN MENU

PRINT D$,"RUN TEST.MAIN"
KM

SUBRUUTINES

VTAB 2.

INVERSE

PRINT "PREDYS ANY KLY TJu (Ui’
INUE"”

wAlT - lbdbd,lce
PUKE - lbsbs,u
NUKMA

RETURN
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5 73U  HOME
; 740 VTAB 12
) 750 INPUT "USE DATA SET # :";AS
. 760 PRINT
' 7/0 HUME : VTAB 12
780 TS$ = "TEST.DATA" + A$
. 790 RETURN
e BUU REM
ERRUR
: 810 HUME
‘ 820 VTAB 12
X 83U PRINT “YUU MUST FIRST ENTER
THE DATA!"
N 84U FUR X = 1 TU 150U: NEXT X
- 850 PUKE 216,0
. 86U  GUTY 63U
¥
A
.;
[
o
[
>
‘0
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TEST.MICRO

1 HUME : [F PEEK (768) = 76 THEN
CALL 777

2 IF PEEK (768) = 76 THEWN GUTU
4

3 0% = CHR$ (4): PRINT D$"BLUAU
B.MILLISECUNDS"

4 CALL 768: REM SET UP INTERRUP
TS

5 B = 2%6: HUME : REM QUESTIUNAB
LE USE UF VAR B

6 HUME

20 TEXT : HUME :SLUT = 2

30 PK = -~ 16384

40 U$ = CHRS (4):RD = PK:CL = RD
+ 1b

50 DIM AS(25),INCR$(25)
70 INPUT “USE DATA SET # :";0T
80 TS$ = "TEST.DATA" + STR$ (DT)

Y0 HUME : VTAB 12

100  INPUT "SUBJECT NAME :";N1$%

110 INPUT "TESTING DATE :";N2%

120  INPUT "TEST METHUD :";N3%

130 PRINT D$;"OPEN “TS$",L20"

140 PRINT D$;"READ "TS$" ,RU"

150 INPUT REC

160 IF REC = U THEN 69U

170 FOR X =1 TO REC

180 PRINT D$;"READ "TS$",R"X

190  INPUT AS$(X)

200 NEXT X

210 PRINT D$;"CLUSE "TSS

220 X =1

230 PRINT CHR$ (4);"Insg2"

240 HUME : VTAB 3: PRINT SPC( 1
5);"ENTER DATA"

250 VTAB 4: PRINT SPC({ 15);"NuM
BER :";X

260 PRINT :
ER :";

270 GET T3

3UU LF ASC (T%) < 97 THEN 32U

310 T$ = CHRS ( ASC (T$) - 32)

320 PRINT T3,

325 CALL 771: KEM KESET CUURT A
NU STARTS TIMER

330 Qy» = QS + T3

350 GET T3

d8u  IF ASU (T$) < 97 THEn 4uu

390 TS = CHRS [ ASC (T3) - 32)

4UU U = Q% + T3

41U PRINT T3;

PRINT  SPC( 15);"ENT
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420 IF LEN (U$) < LEN (AS(X)) THE

350
X 430 PRINT
; 431 CALL 774: REM STUP TIMER
5 432 MS = U: FOR A = 780 TU 783:MS
: = MS * 8+ PEEK (A): NEXT

MS / 1U24:S = INT (C):MS
(C - S) * 1uw

440 FOR Q = 1 TO LEN (AS$(X))
450 IF MIDS (4$,Q,1) < > MIv$

433 C

y (A$(X),4,1) THEN WR = WR + 1
. 460 NEXT Q
461 TIME + (MS / 1uuu)

S
462 TIME TIME * 1000
463 TIME = INT (TIME):TIME = TIM
} E / 100U
B 48U INCR$(X) = STR® (WR) + CHRS
. (13) + Q% + CHR$ (13) + A$(
X) + CHR$ (13) + STR$ (TIM
E) + " sec"”
490 X = X + 1
500 Q% = “":TIME = U:WR = U
510 IF X < = REC THEN 240
511 SWUT = 4
" 530 TT$ = “"TEST.RESULTS"
54U PRINT D$;"APPEND "TT$
550 PRINT D$;"WRITE "TT$
56U PRINT N1S
57U PRINT D$;"CLUSE "TT$
580 PRINT D$;"OPEN "N1$%
59U PRINT D$;"WRITE “N1%
6UU PRINT N1%: PRINT N2$: PRINT
N3$: PRINT REC
. 610 FOR X =1 Tu 2%
620 PRINT INCR$(X)
630 NEXT X
‘ 64U PRINT D$;"CLUSE “NLS
4 650 GUTL 72V
. 66U  PRINT U$;"“UPEN "TT$
g 67u PUKE 21l6,U
680 WUTU 55U
% 690 HUME : VTAB 12
X /UU  PRINT "YUU MUST HAVE FIRST t
y NTERED THE DATA Tu BE TES

onon

e a & &L

TED! !
710 FUR X =1 TU 1uuu: NEXT X
720 PRINT v$;"IN#U"
73U PRINT US;"RUN TEST.MAIN"
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p TEST.PRACTICE
:
1u  TEXT : HUME
\ 20 PRINT "PRESS CTRL-UPEN APPLE-
RESET TO EXIT"
. 3u PUKE 34,1
‘ 4U SLOT = 2
. SU UNEKR GUTU J20
- 60 PRINT CHKS (4);"INg":SLOT
7U  GET A$
80 IF A$ = CHRS$ (3) THEN Iz
S0 IF A$ = CHR$ (8) THEN PRINT
CHRS (8);“ u;
. 10U PRINT AS;
110 6UTU /U
. 120 PRINT CHR$ (4);"INgy" |
13U PRINT CHRS$ (4);"PR#u"
; 14u  PUKE 216,y
: 150 TEXT
) 16U  PRINT  CHR$ (4):"RUn TEST.MA
: In"
4
i
)
t
8
¢
iy
»
[}
t
g
b
9
84
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;
; T LT I BURRD
5
N 1 Huit : IF PEEK (768) = 76 THEN
! CALL 777
o 2 IF PEEK (768) = 76 THEN G™UTU
- 4
B 308 = CHR$ (4): PRINT U$"BLUAD
b B.MILLISECUNDS"
A 4 CALL 768: REM SET UP INTERRUP
¥ TS
% 58 = 256
b HUME
Y 20 US = CHRS$ (4):RD = -~ 16384:C
, L= - 16368
) 30 UIM A$(25),INCR$(25)
o 4) HUME : VTAB 12
5 50 INPUT “USE DATA SET # :";DT
60 TS$ = “TEST.DATA" + STR$ (UT)
)
o 70 UNERR GUTU 72U
’ 80 GOSUB 760
v YU HUME
‘ 100 VTAB 12
110 INPUT “SUBJECT NAME :";N1$
. 120 INPUT "TESTING DATE :";N2$
i 130 INPUT "TEST METHUD :";N3%
14U PRINT D$;"UPEN “Ts$",L20"
: 15U  PRINT U$;"READ "TS$",R0"
b 160 INPUT REL
170 IF REC = U THEN 72V
. 180 FUR X =1 TO 25
b 190 PRINT D$;“KEAD "TS$",R"X
~ 20U INPUT A$(X)
: 210 NEXT X
220 PRINT D$;"CLUSE "TS$
230 X =1
L 240 HUME : VTAB 3: PRINT SPC( 1
) 5);“ENTER UATA"
B 250 VTAB 4: PRINT SPC( 15);"NuM
’ BER :":X
- 260 IF PEEK (RD) < 127 THEN 26U
o 270 Q1% = CHR$ ( PEEK (RD) - 128
: )
) 280 IF Q1% = CHR$ (13) THEN 4bu
.
! 290 PUKE CL,U -
3 30U CALL 771: REM START CUUNTER
'C
¥ 31U IF PEEK (RO) < 127 THEN 31U
[
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3¢U g = VAL (QL19):413 = CHRS ( PEEK
. LRI, = 1¢3): PUKE Lu,u
: du aUsUs g4l
. 39U VA L4 ALAl ior oeRoaT
N 3v0 iF PRI Hu. < 127 THEX

36U Qld = CHK} ( PEEK (KD) - 128
) ): PUKE CL,u
' 370 IF yl$ = CHRS (13) THEN 45U

&

g 380 IF  PEEK (RU) < 127 THEN 38U

L)

Y 390 Q = VAL (Q13):Ql$ = CHRS ( Prec
K (RD) - 128): PUKE CL,U

4UU  GUSUB 88U

41u VTAB 12: HTAB 12: PRINT %

420 IF LEN (Q$) = LEN (A$(X)) THEw

i 45y
b 440 GUTO 35
i 45U PUKE CL,U

455 CALL 774: REM STUP TIMER
46U MS = U: FOR A = 78U TU 783:MS
MS * B + PEEK (A): NEXT

\ 461 C = MS / 1024:S = INT (C):MS
X = (C - S) * luw
462 TIME = S + (MS / 1uwu)
¥ 463 TIME = TIME * L0uu
s 464 TIME = INT (TIME):TIME = T1n
£/ louu

4/U0 FUR £ =1 TU LEN (A$(X))
48V IF  MID3 (A$(X),Z,1) < > MIus
(Q$,4,1) THEN WR = WK + 1

; 490 NEXT Z
) S5UU INCR$(X) = STR$ (WR) + CHKS$
y (13) + Q% + CHRY (13) + AS%(
L X) + CHR$ (13) + STR$ (Tim
5 E) + " gac”
510 WR = U:TIME = U:Q$ = ""
520 X = X + 1 ,
: 53U IF X > REC THEN b5y v
13 54U GUTY 24U

; boU  UNERR GUTU 69U

560 TT$ = "TEST.RESULTS"

. %/0  PRINT D$;"APPEND "TT3

: 58U PRINT D$;"WRITE "TTS

590 PKINT N1

bUU  PKRINT D$;"CLUSE "TTS

C: 61U  PRINT DP;"UPEN ";NLS

62U PKINT D3;"WRITE “;N1$

; 350 PRINT NLS: PRINT NZS: PRIV
' Nds: PRINT REcC
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oad  Fud L = [ Tuogs
L)
2 6/U  PRINT DUS;"CLUSE ";NLs
" 63U GUTY 75U
. 09U  PRIWT U$;"UPEN “TTS
' 70U PUKE 216,U
. 710 GUTY ssU
' 729 HUME : VTAB 1¢

73U  PRINT "YUU MUST HAVE FIRST E
iy NTERED THE DATA T BE TE>
& TEDLL”
\L 74U FUR X = { TU lUuuu: NEXT X
. 750 PRINT US;"KUN TEST.MAIN"
N JoUu  REM
t‘

DATA VARIABLES

gl
) 770 LS(1) = "STY"
u 780 Ls(z) = “VWX"
Y 790 L$(3) = "Y ("
» BUU £$(4) = "uKL"
ﬁﬁ BlU L3%({5) = "MNL"

82U £$(6) = "byr"
5 830 £3(7) = “ABL"
N 84U L3(8) = "DEF"
5‘ BoU £L$(Y) = "GHI"
:4 86U RETURN
- 870 REM
& SUB-SPLITTIHG
b3
o

': 88U IF Q1% = "U" THEN Q3% = Q% +
o LEFTS (£3(W),1)

2 80 IF Q1% = “," THEN Q% = (% +
5 U0 IF Q1% = "." THEN Q% = Q$ +
5 RIGHTS (Z$(Q),1)

" 910 RETURN
2l
55
"'-:
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A
s
ﬁb.
1y
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o
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APPENDIX C
INFURMEU CUNSENT Furii

INSTRUMENT TO OBTAIN INFORMED CONSENT

« heve Dee-

study concerning the learning ano use 0¢ a New single-hancec
arc the use c¢ » 434 nureric Leybpac.

1. 1 nave beer given an e:xclanation o¢ tne Droceocures tC be *..:Iwel,
1nCluocing an 10entificazior of those whiCh are e:perimence..

2. [ have been giver a gesc-ipI:O0On C©¢ the attengent QglEccmss-<s  a-
rieig, which .rzluce i8vinT 1N gate On both tyepes O« b L C
which :8 presented Dy &8 Cassette tape Dlever,

s
1
woa

. I heve been giver a desc”ipt:on 0¢ the venefitE 1O DE e nectes.

4. I heve beenr given @ gescription 0OF epDropriate alte--2z2- .
procedu~es that would pe aovantageous to me.

m

s. I nave rvpeen pffered ar answer to any 1NQUIries concerni-I T
procezures.

5. I heve beesr i1netructeq thet ! am 4ree to withdraw my coreser. -2 <<
Qiscontlinue my PAarticideée=ion 1r  the project O~ activiiv  é% 2r
time.

7. 1 neve DbDeen azsurec that steos wiil be tatern tc ers.r=

corf.dentiel:tv Of the recults,

8. I ungere-ang that 1n the event of physical 1NJury resuliirs  <¢rce
the researcrt procedures agescraibes to me that there w:il: Te n.
financ:al compensat:ion or free medical trestment of+erec T ~=,

Q. 1 nave not peen requested to waive £~ release the 1ASTITUTIC” .

o

agents or soonsore from liabilaity for the negl:gence o¢ :te age”
or emplcyees,

1, the ungersigneg, nNave urce-stocd the abcocve e:plenstione arc C:. /€ m
consent to my voluntary participatior 1n Mr. Shelaon wolstein € rzgezr -
prooez<. .

Frincipal Investigetor: Sneldon A, Wolete:n
1211 Univers.ty Dars, C.S5.., T»
(A019) &96-7S10

Ancther (Contact Ferson: Dr. Rodger koOppa
Terxas Transportation Institute
Humar Factors Division, C.65., T
(419) B45-251)
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APPENDIX D
TRAINING MATERIAL FOR MNEMONIC CONDITION
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thant you @Qeln tor agreeing to paerticipete 1n thie Study.

The purpoese o+ this part o+ the studw 1€ tc teach you how to v¢g
Microwriter levbcocerao.

I+ vou heve &nv qQuesticng plesce don t hesitete to est .

AECUT _THE MICROWFITEF

Tre Mirrcwriter 1€ & reletivel,y new device, adevelopeds Ly &n  +~
f1lm adrrecteo- laivine 10 Encglend. Cv Enmtarelcd. Tre compery Me-
tre a2 1Ce 1€ ce!led Microwrater- LTD.. and 1 wheoilv ownec k.

Lite ~seurance Cc. which 1 & large 1nsurence f1rm from Eroleéerc.

Faicruowriter e rrown 2 & e€i1nnole hsrng. el bewv. renagrirre
levboera. Trhat 1t 3¢ single hand operaticorn on €1 beve 1€ C:o
"Heraprint' meene that the teve are léeild ouvt ec the henc
naturelly on the teye 2= oprosed to having the beys 1n & 2 Y 7 -
“"Crorg"” re<ere to the {fsct thet generelly more than one tev m.
struct to produce & character, s1milar to ci12n0c chords.

IRINGE_ YOU MNMEED TO v NOW_FIFST

It £ ror li1le & cocnoenticnel e, boero. Ttere are only T leve =

MAIN KEYBOARD pive the "COMMAND KEY" (which we won 't need tor &
€ try to i1grore 1ty

e 1€ & P1Cture o+ the } eyboerc, €Ehow:nc where esetch t+ti1nger C-
r3jce* hend 1€ supcesec to ac.

MIDDLE +1rmger

nere
ttice be. 1= /_?-.7'4"_'_ f1nQer €&
1¢ for oo SN #* 'E’ lHl
LD tinges - R
TLee o
n UM pen- ., here
-
]
i 3 ComMMelyy v e. toretenc 1t oS
re

o TR B YT DWW

Nrw there 1€ & ver s 1ML - 0 L
DON'T wave your fingers about
them on any +Ley other than the one

on the keys or use
they re

supposed to use (as shown on the chart above).

e T
er1Cs
vET I
InE-Tafiuiig
crI-
12.¢
rect
AT

€ r
- er
var 1

M o

n .

m e

mon

o
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i
]
1
t
L]
b,
' -
crln Cro—*1f Qe -t ~nmo—y 2 CorresromOEnce Vil (LA -
Mifr T lver e tc e s . MiCcrowritine e SN -
Mops bz oLCoeTer At U o CEems TIME YO prooorce e P
nomber | oor Tt zrion mir et Tr: 1mocrLarT er. b
¢ reneeter o TT1E eTARe 1D YHEIY LSINC LLEe wTorn S1hes '
' Wremo b Ey wll, Tifaw Q0w LT iezrmin2 &2 lesl to lC-o 4
MmYS = &5,
L]
. ~iST, CFr7e .z o 2tarct, so0 1l notice & cocusle =t tMirnQE 20T
tre {e.s memeel v whach mat e trem OQrteecent trCcr T
Corosns i a, tLpENrlter, Fire"., tre ' e are =2
! touch-semel1tl - e ligrter ther oM = tvoewriter. R
rElpe sCu T2 Q€ tasL, Co% 00es mesrn trat vou i - -
3 miIstaree to beg th. Setond, the lewters you T ooe v
NOt Cr &t wWhEr tThe e € ere preszes LUt 1NSTEsD Ths c-
b gereratel wher trhe re.c are relesseq. Thie nesrs <h=- -2
gcn ¢t rx.e Yo Qe elil thie tEveE CODwr et the same 1TET ",
! €C IDrG &S €l: O+ the NeCceEs=cary tEys QEt prese=c.
Tate a l1tvle 1 me ncwvs. Wit the Mm=-rline [« 2 o T
/ agusr~ted with 1t énc  toc get used To  the tee! C* the Tos
3 anc the poeltiQmE C- TheE 4170e~S. et 1ntoc tne hepit ro- -
i leecin2 €=Cr +1NnCe” Cn 1TSS own te,. 2R yOQur Thurnt oy T -
cro the UFFES of the o rthumn Ve oo,
s
\ n: roTe 2 the cwe” thumbt te., trge Coktel s b=, i- z
* Frese 17 b, ClCexnt, Q14+ EnT Cravact@re wl; )l De ZvrI0. T
: I+ yz0 nmex tret Tro 1ncorrees Chergcterc =rE = :
i orducso b e Correct cheora, Juet Ccreses Dot Lr o~ .
- toQEtREr o Cleer 1t,
"
- ]
Y
b
)




i 10 FQOR™ THE LETTERS

It wi1ll 2l] be besec cn thie chart: -

.

—E&rring O .
crerst — O
M

agdle
finger

Irnge- Ri1na
finger fi1nger

Thame Little ;
\\ } finoer .
p—— .

Actuel - / .
} evDoerao -

| S
(.

tey)

Snev— [}

This chart will enpw which deyve eare +to  be E ezzr

cherecter., For e ennle, the letter "1" :
A

2
ot
Tte gfryered cClrcics COoCreIiscnc TO the b EvE I CcT MUt o De DoTTal Rl -
that letve . K
Flegee do not turs TS o=Qc .
v
i+ vou reve &n. +gr, LiGBeSE ach trem ncw,. e no- . (s Ir-
Srelagcm theEt vou pecain.,
e
*
N
; X
o
1 4
LY
.
- LI g L P "L ‘d\"l’l‘J‘J-"' 4
RS R N ST RPRO R Pyl St Sl Vel M A il P S T Nl Sy LS N YEARS S CNL S AN O
£ N R e T e e e e M > R S S LS s s e
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You will notice that 1n the erxample “I", the keys pressec cCan be
related to the shape of the handwritten letter.

This 1% how you handwrite You Microwrite the letter "1*
the letter "1 lire thas, Ccreating he
shapes with your finger tips.

o

O

This 13 a memory aid to help you learn the alphabet. Al]l the letters
will have thas.

The "L" worts the same way:

Thie 18 how you handwrite You Microwrite the le<ter "L"
the letter “L" like thas

@

rou 11 ¢1nd t5at & 1ot 0of trhe letters form naturel peirs o+ oO-pos:tecs
based orn the SHAFES. which can be thought of acs "mirror i1mages '. Try
to remember-r the letters as these pairs: 1t's easier, For 1nstance.
the oprcsitez of the two you ve done esc far are "G" and “J":

1 c

(go

&

opposites

N
N

the downstroke of
the G~

DN

N 3

T v
v




O opposites O
: o) < - O
N O
ﬂ Here 15 a useful pair to remember as & pair: they 're used together so
) o+ten:
'

T H

; o T ©
c) c) opposites

¥ The Top of the “T* Horizontal for "“H"

3 These are written using only ONE key: A
\ '

LY

) O - -

: 0 03

O O'o
v R

&
o Easiest finger for E 1n the miadle:loorks live a targes
g
»
(
96
3
L)
y - PN ) Tut Wt N S T e T T ST e e R ST RN
D VN N T s 0 e i Ea s i e i e G e e
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»Twy ¥

N A AN IO AT N

)

0
L2,

O
O

Signet ring finger for "S° Little finger: very
Q

N

Line to Apex of "A" dowN linNe of “N"

X K
O

@O@
g o 0

shape of smell "¢ © Upstrore of the "k*"
Mere any mistales yet” Den't worry. Just continue on, but
dccurecy +:ret, speeda leter,

You ve Just covered ha:f of the alphabet. Here's the rest:

PRI "

uU.

rememoer
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M
) r.-._ . ce—— - -
O @ i —!
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. opposites s
-ff O { Ldad ﬁ; ()
'
't
i
¥
5 Firet Four Fingere For "F* Most fingers Make "M“
ki
: D

; n_ B

O O
o3

)

- e e~

Dome ot tne "D" Back of the "E*

by < i

X -
: )
opposites
« — O

* @) @)

K Curl roung eor w20 Mizle tre i1 trom the cersvrea. -
*

1]

) g !
I t
: |

1)

' ©p.

'-

()

e

1y

'

¥

. compiete Precse tcr "
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K Vv
° ~E O
O | o
the upstroke of the “K* ) downstroke of the *"V*
Y X
O (@)
@)
looks like a "Y" All Xcept your indeX
w y 4
4
@
The two sides of the "W* lig Zap between the kevs
Now if you want to practice some writing, try an pld standard:

THE QUICK BROWN FOX JUMFED OVER THE LAZY DOG
Don°t forget to use the cue card 1f necessary. v

NOw try:

THE ZEAL OF THE ARCHITECT WAS BEING EXCERCISED CONTINU&LLY IN
CONJUCTION WITH A FEEN QUANTITY SURVEYOR IN THE DESIGN OF QUAINT EBEUT
PRETTY MALISONETTES.
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Now you 're ready for numbers.
briefly the command key and how to clear it.

get to the numbers.

1¢

you

recall, we aentioned

only

Now we have to use 1t to

To change to the mode which has the numbers

you

press the command key and the chord for the letter "N" (for “N"umber).

Pressing the command “N*
type a number,
the alphabet mode.

you should
twi ce.

Here are the numbers.

O

lock inte the number

mode and practice some.

Type the line of numbers

C
C

@
@)

once will make the next regular Jetter
then the Microwriter will automatically shift back into
1{ you have more than one number in a row to type
mode by pressing the command

you

u~or

and when you have another letter to
type, shift back to the alphabet mode by pressing both thumb keys at
the same time.

Go ahead and lock the sachine into the

-

@)

O
O

o

O

~

1 2 3 4 -]
o
0 0| 0% | o ORO
O o o o
\ 6 7 8 9

),

That's all ycou haeve to learn.

speed.

Rkemember

speed secondary.
speed without i1NCreasing errors.

at first
Atter

number

Now for the practice sessions to gain

100

you should concentrate
a while you should be able to increase

on accuracy,

w1 th
your

LY .
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APPENDIX E

TRAINING MATERIAL FOR PLAIN CONDITION




Thani: you again for agreeing to participate in this study.

The purpose 0f this part of the study is to teach you how to use the
Microwriter keyboard.

1¢ you have any questions please don‘'t hesitate to ask.
Y ROWR]ITER

The Microwriter is a relatively new device, developed by an American
f1lm darector living in England, Cy Enfield. The company marieting
the device is called Microwriter LTD., and is wholly owned by Hambro
Life Assurance Co. which is & large insurance firm from England.

Macrowriter is known as & single hand, six key, handprint chord
keyboard. That it is single hand operation on six keys is O©Obvious.
"Handprint” means that the keys are laid out so the hand rests
naturally on the keys as opposed to having the keys in a 2 X I matrix.
“Chord” refers to the <fact that generally more than one key must be
struck to produce a character, similar to piano chords.

THINGS YQU NEED TD KNOW FIRST

It's not like a conventional keyboard. There are only & keys on the
MAIN KEYBOARD plus the “COMMAND KEY®" (which we won't need for a while
s0 try to ignore it)

Here is a picture of the keyboard, showing where each finger on your
raght hand 1s supposed to go.

MIDDLE finger
here I

this key 18 RING finger 1rey
ie for your \. ./-

INDE) €inger . LITILE ¢i1inger
* coeg o tME

THUME ysually here

COMMAND key (preteno 1t's
not there for now)

Now there 1s a very i1mportant rules
DON‘'T wave your fingers about on the keys or use
them on any key other than the one they’'re
supposed to use (as shown on the chart above).




Tras one—-¢i1nger ~to-one-ley correspondence 1s what males the
Microwriter so eaty to use. Microwriting 1s using one G-
MORE FLeys together at the same time to produce one letter,
number, punctuation mart., etc. The important ¢thang to
remember at thie stage is that using the wrong finger on the
wrong hkey will slow down your learning and lead to lote cf
mistales.

~le0, Orce vou =tart, you'll notice & couple of things &bout
the keye themselves which make them different from the

conventionél typewriter. Firet, the teys are ey
touch~sencsitive, much lignter than on a typewriter. Tmas
helpe you LG et very +ast, but doee mean that vou 11 mete
mistales to becin with, Second., the letters vou tyoe é&re

not creeted whnen the teve ere prescsed but i1nsteso they &7€
cenersted wnen the keye are released. Thie meanes that yCOu
dori 't heve to qet &l the Kkeye down at the same 1nstant,
Just so long as all of the necessary keys get pressed.

Tele ¢ little ¢time now, with the machine off, to oet
aguali~ted with 1t and to get used toc the feel o+ the tLeEvs
and the positions of the fingers. Get i1nto the habit now of
leeriny each finger or 1te own bey and vour thumb normaliv
or the UFFEF of the T thumb keye. :

Cne note about the lower thumb key, the COMMAND kev. I+ vou
ore2ees 1t Dy &ccicont. different characters will be proavces.
I+ ,c notice tnet the incorrect cnaracters are bDeare
pro~aucee by the correct chord. Just precses both thume VE. €
tcogsTher to cleer 1t.




=i TO FORM THE LETTEFRS

It will 2l) be based on thie chart:

Learning (:)
Chiert —— O [
Micdle
finqger
Inde::
finger
Thumo
——— ’
Actual L
t eyboaro
This chart will enow which lLeye are
craracrLer. For e: emple., the letter "1™

rE Cirirmel CIFrCLET COYrEZCCT S T tre
that let-en,

Flesse ¢ nCoT turs tre DedZ

14 vou heve &n. QUEELIONE €C “«! [ XS

éere rezC- Ut

Stelgon

That

v oL

Little
+1nqer
bey)
tc be depressed for
€ T vmicrt mMUsEt OE LUETE
+gi them now., 1€ no%.

ezch
c 1=
b ok =loht




THE

These are the letter chords. ~Piease feel free to practice as you go along.

o . |
o | o% o®o %% | &%
Cc O O @ e O @ O © O

A ] c D E

@

% | c“¢ | c% % | cCe
@ O o @€ ® @ ® O e @
F 6 H I J
C e !»CO OOO CQQ OOO
¢ O e @ C e cC ¢l o ¢
K L M N 0

X ] o
2% ¥ s-e cCe #Ce
¢ 3 cC e |® O c 7 > ¢

P Q R S T
0% *°0 P o¥e o%e
O @ 0 ® ] () L J ] ) C

U v W X Y

e
Now 14 vou want to practice some writina, try ar olo stendarao: :\ .
EROuN €1 MSED QUER THE LA2y DOE e 8 '

't o elvCer U

VLE- tTS CuEe CECQ 1T

105

ee e
SuRLe . Lk

Nececesar .,

e LEFCISED
Ity Tmie DESIGH OF DUsIrn” .

CoaT I Fiieg Ly M
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: 3 you recall, we amentioned only
ktw&nap How te clear it. NOw we heve to use it to
To‘eWnngl ‘to the mode which has the numbers you

e

he commant "N once will make the next regular letter vyou
S X e, then the Microwriter will automatically shift back into
thak. a&phlbnt mode. 14 you have more than one number in # row to type
you should lopck inte the number mode by opressing the commeng “W"
T ewice. Type the line of numbers and when you have another letter to
T type, shift back to the alphabet mode by pressing both thumb kevs at
athc ltﬂ& tan..

nnort arc the nunbcr:. 6o ahsad and loclk the machine into the number
sbde and practice soma. :

~ | | A
OO Oo li\®

-
| o
O 010 O oRO
o

8 7 8 9 0

Teet & 2. o heve to learrn, e +0r "¢ DCRCLICE SEEEIONE TO QFIT

. sbeed., Fynenaper at fi1rst vou should corcertrate On ACCUraCy. WILH
Speed sercndsry,., ~*ter & while you shcoulc be able to 1ncresse  vour
SLOP8Q wi2*Out IrCressIng E"rore.




APPENDIX F

- e

TRAINING MATERIAL FOR KEYPAD CONDITION

£

: Tr:rl vOu  again tor aqree:nq tC perticipete 1 Tra T-=
. te noaro vow will pe using s & stargero 474 nume-i1c e, o
t ~Trone changed. HE you can see, ON er1ther si10e o+ the s =re
: Twh arrow buttone, These are to be used 1n enter:nc the aigrsesber.

N when vou need to enter & letter. locate :t on one of trs reqg.tz-
74 AUMDEr VEeYVE. Freee tne ey with the desireo letter ant t-e: cC- ez
W erther o0 the arrows cr the "o" to show which of the letts-z g
q choeer. For insterce the letter “™MY woulc be chosen by pres:zirfz tre
' ' tev and then tre left porntinQ arrow M ——==,

3

Tvst & &ll there 1€ to it. Firest there will e & timed run <2 s2=2 oo

. well vou carn 0o without any practice. then some practice tas.-¢ &nC- &%
b tre ero ot the nhour encther timed run. ==+ an+. Questiors NI, i z.
n réve no qQuestions, plesse let Shelceon bnow vou re reacy.
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APPENDIX G

ONE SHEET CUE CARDS FOR MICROWRITER




Mnemonic Condition

@?®
U a.owwb

®
@)

PO
Or -

8
I

@d@v
&
9 )

B O
O/

@)
]

Ao}

"o
.)I_
10\
@
® o
go | ®e
@?

J OO
® -
®e
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Plain Condition

Please feel free to practice as you go along.

These are tne letter chords.
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APPENDIX H

EXAMPLE OF PRACTICE ARTICLL

Barrons reports that earlier tnis vea~
major finecial i1nstitutuions i1nvestea
large amounts :1n a1-i1nes. Leaging the
air lines 1n the top ¢ net purchases
lists was Delte Air L:nes, with 232 .6
million of shares purchasec, 202.7
millior sold witr 117.9 millio~ as the
net transaction ¢-om & holding of 1218.0

For the picture o¢ the nigh tech
companies refe- to the chart delow, all
amounts 1n m:llions o+ dollars:

STOCK PURCHASES SALES HOLDINBS
McDor Doug. I8e.8 1.8 1188.4
Matsusni. Elec. 167.% 17.9 79, %
V:azom 18:.2 &7.5 4Z0.4
Xerox 265.9 164.%5 28787
Tandv 272.9 Zi.E 1377.°
Martin Marietta 229.! 121.5% 109, 7
1TT IEE.S 256.8 172200
E Svstems 1Tl T 71.4 80,7
Boeing She. 6 4le.: Seil.7

For other companvs Sstocy, aztivity
was alsc prist. Disney shares o+ 297.6
were pousnt, 116.4 were sola. ana a
holoing o< €87.T was reportec. For
McDonelos bougnt were I5G.6. sold were
282.3, ang a noloing cf TITTS.I.
Report:nrg 1nstitutions also sold 20.6,
bought 12€.7, anc neld T11.4 of Dillaroe
Stores stoct.

0n the gowr si1de where these
institutions scla off more than they
purchasec c+ a particuler compary =
stoct were such blue chips as Phallips
Petroleur with 92C.% million, Eastmar
rodgel with E56.1 ang 141.¢c o4 Atlantic
Rich+i1elic. Also dumped were 2374 &
millien of IBM, 1535.7 of Ford, anc é0.4
of Coca-Ccoia.

Overall, tne biggest groups boOug-t ur
were glect-i1c power with 1740.5% millicor
1N net purchases, orugs with B8I5.8, a1~
trangport witn 686.7, anag &677.4 wort~ o<
entertainment companies, The biggest
sales were 1 hotels and motels witr
J86.1 million 1n net sales, fooas with
JE2.7. 2868.1 1n natural ges pi1pe anrc
“0B.4 1n ragio-tv hropadcasting.
Computers. bus:ness machines.
sSem1conductores, ang electronic equipment
wnich are facing the same siowcowr 1h
thei1” shereq market when complned
accountec for 414,55 millior 1r net
sales.
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